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E veryone appreciates that the water cycle can vary, and can cause floods and droughts at its extremes. On page 418, Pekel et al. 1 map the full range of this variability, as evidenced by our rivers, lakes and wetlands, using more than 3 million satellite images collected over the past 32 years. This globally consistent analysis documents both natural water variability and humanity's major influence on Earth's water systems, and will provide a valuable baseline for observations of the effects of future climate change.
Detailed maps describing the location and extent of rivers, lakes and wetlands are needed for many studies of Earth science, but the full global distribution and variability of these systems has not been clearly understood. Scientists have developed methods to map water bodies using satellite observations -for example, by detecting the characteristic reflectance of sunlight from water. But this is a particularly challenging task because the colour of water varies greatly depending on depth, the presence of suspended sediments and dissolved chemicals, and the angle at which sunlight hits the surface. In addition, some land surfaces (such as snow, ice and lava) have similar reflectance characteristics to those of water, which means that water-detection algorithms need to be developed and calibrated carefully.
The first global surface-water map 2 made using satellite observations was developed in 2009, but computational power restricted the spatial resolution to 250 metres, which is too low to enable detailed mapping of smaller lakes and rivers. This was a problem, because statistical estimates 3 suggest that millions of lakes less than 1 square kilometre in size could account for about 40% of the global area of inland water. The situation has since improved: a global analysis of water bodies at 30-metre resolution was undertaken recently 4, 5 using images from the Landsat programme (the world's longest-running initiative for acquiring satellite images of Earth).
However, the location and extent of water bodies can change with time, in part because of natural processes such as flooding, sedimentation and channel migration, but also because of human processes such as dam construction and water abstraction. This creates a need for a global-scale, high-resolution analysis of information taken at different times -a complete map of surface-water dynamics. Such dynamics have recently been captured in maps that enable scientists to distinguish permanent rivers and lakes from seasonal water bodies such as flood plains 6 and to explore the long-term trends of surface-water changes 7 , but these studies used only a subset of all the Landsat images available.
Pekel and colleagues' ambitious work uses the entire Landsat archive 8 to map global surface waters -more than 3 million images collected between 1984 and 2015. To handle this petabyte-scale data set, the authors used Google Earth Engine (go.nature.com/2fdt80k), a freely available cloud-computing platform for analysing big data sets of satellite observations. The Landsat data set was produced using three satellites, and multiple operational issues affected the collection and quality of the data. This presented unique challenges, in addition to those associated with water's variable reflective properties. To overcome these challenges, Pekel et al. used a combination of expert systems (computer systems that use artificial intelligence) and visual analytics to identify the existence or absence of surface water for every pixel of Earth imagery, each representing a square of side 30 metres; this was done at monthly intervals over the 32-year period.
An understanding of the frequency with which water occurs at different locations is certainly a useful result of such an analysis. However, more-meaningful information and visualization of global-scale changes are required to cope with gaps in the data set that result from cloud cover and operational deficiencies, and to allow specific interpretation of different surface-water dynamics such as seasonal cycle and long-term trend. Pekel and colleagues therefore provide thematic maps depicting persistence (whether water is always present, or just sometimes), gains versus losses, the consistency of seasonal cycles, permanent versus seasonal water, and transitions between seasonal and permanent water during the period analysed (Fig. 1) . The output of the analysis and the thematic maps are available through a user-friendly interface (go.nature. com/2gj81ap), allowing anyone to explore any location and understand what surface-water changes have occurred, without the need for complex analysis or massive computing power.
The authors' high-quality analyses and visualizations of the data reveal that there were 2.78 million km 2 of permanent 1 have used historical satellite images to produce global maps that depict changes of surface water over the past 32 years. The maps are presented in different ways to enable different information to be visualized. a, This map shows the average water-occurrence frequency over 32 years; blue represents water that is always there, pink is water that is sometimes there. b, Here, red regions indicate where water occurrence has decreased during the period studied, whereas green indicates increased occurrence. These maps, along with others that depict seasonal variations, help to distinguish different causes of water dynamics, such as seasonal inundation, channel migration and reservoir construction.
surface water and 0.81 million km 2 of seasonal surface water on Earth in 2015. During the full period of the analysis, 162,000 km 2 of permanent water were lost or became seasonal, whereas 184,000 km 2 of new permanent waters were created at different locations. More than 70% of the losses were concentrated in just five countries (Kazakhstan, Uzbekistan, Iran, Iraq and Afghanistan) clustered in the Middle East and Asia, raising serious questions about water security and transboundary water management in that region. Most of the permanent-water gain correlates with reservoir construction worldwide, but the impact of climate change was also detected in lake expansion caused by melting glaciers in the Tibetan Plateau. Changes that occur across decades, such as those due to the recent drought in Australia, also stand out clearly.
Any analysis that quantifies surface water from historical data sets will have limitations. In this case, data gaps affect the accuracy of the seasonality information; resolution issues prevent analysis of small water bodies; vegetation obscures important wetlands; and the 16-day repeat cycle of Landsat observation means that events that occur on shorter timescales, such as floods, may be missed. These problems will be addressed in the future by using better optical and radar sensors and more satellites, and by integrating satellite-observed data into models of surface-water dynamics.
Despite the limitations, Pekel et al. have provided our best understanding yet of the changes in our planet's surface water. Their findings will be crucial to many Earth-science studies -such as climate-modelling efforts, or investigations of ecology at the interfaces between land and rivers -and for global water-management initiatives. ■ 
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A s muscle stem cells age, their ability to regenerate skeletal muscle following injury declines. One factor that might be responsible is alteration of the highly compact nuclear complex called chromatin, in which DNA is packaged around histone proteins. A changing environment can induce molecular modifications, known as epigenetic changes, to histone proteins, altering chromatin state and so modifying the cell's transcriptional landscape 1 -a more open conformation permits gene transcription, whereas tighter packaging is repressive.
Ageing muscle stem cells exhibit epigenetic alterations 2 , but whether these changes cause the regenerative decline of skeletal muscle with age has been unknown. Schwörer et al. 3 report on page 428 that the gene Hoxa9 acts as a molecular node for this dysfunction, being aberrantly expressed as a result of epigenetic modifications in aged muscle stem cells, and in turn promoting abnormal expression of downstream signalling pathways that drive the cells' functional decline.
The authors isolated quiescent stem cells from normal muscle and activated stem cells from injured muscle in young-adult and aged mice, and analysed histone modifications using a strategy based on mass spectrometry. Compared with quiescent stem cells in the young adults, the aged quiescent cells showed increased levels of molecular modifications associated with gene repression (the addition of two methyl groups to the aminoacid residue lysine 9 (K9) on histone H3, and trimethylation of K27 on H3) and lower levels of marks associated with activation (the addition of acetyl groups on H3 and H4, and dimethyl ation of K36 on H3). The researchers also noticed that the transition from quiescence to activation was accompanied by a decrease in active marks in young-adult mice. By contrast, the transition in aged stem cells was associated with an increase in active marks and a decrease in repressive marks, resulting in a more permissive chromatin state and aberrant gene expression (Fig. 1) .
Schwörer and colleagues also observed increased Hoxa9 transcript and protein levels in activated aged stem cells compared with those of young adults. This increase was induced by recruitment of an enzyme called Mll1 to the Hoxa9 region. The enzyme deposits an activation-associated modification on H3 (trimethylation of K4; a mark dubbed H3K4me3). Wdr5, a scaffold protein for Mll1, was also recruited. Together, the two recruited factors caused Hoxa9 to be transcribed and translated at a much higher level.
The authors then used several strategies to investigate the potential role of Hoxa9 in the regenerative dysfunction of aged muscle stem cells -mutating Hoxa9 in mice, or inhibiting Hoxa9 transcription in muscle-or stem-cell cultures that were transplanted into an injured muscle in young-adult mice. In all cases, Hoxa9 inhibition restored proliferation and regeneration in aged stem cells. Furthermore, overexpression of Hoxa9 in young-adult stem cells suppressed their proliferative capability, thus mimicking the aged situation. Together, these data imply that Hoxa9 expression causes regenerative decline in ageing muscle.
Hox genes are a vital part of embryonic development, determining the anatomical identity of each segment along the head-tail axis of the growing fetus 4, 5 . By investigating signalling pathways known to be regulated by Hox genes during development, Schwörer et al. found that overexpression of Hoxa9 led to the aberrant expression of various developmental pathways, including Wnt, BMP-TGF-β and JAK-STAT -all of which have been shown to alter muscle stem-cell function during ageing [6] [7] [8] [9] . Although it seems that increased Hoxa9 expression is the nodal point for aberrant signalling in aged stem cells, inhibiting any one of these signalling pathways can restore stem-cell capacity [6] [7] [8] [9] . This suggests either that there is crosstalk between the signalling pathways, or that the pathways are induced as a consequence of the stress caused by injury and lowering the levels of one pathway mitigates the stress response. It would be interesting to determine how patterns of epigenetic modifications are changed when these signalling pathways are inhibited. Could reducing the level of a single aberrant pathway following injury restore histone-modification patterns to the young-adult state, implying that a feedback loop controls the regenerative capacity of stem cells?
STEM CELLS
Cause and consequence in aged-muscle decline
Activation of aged muscle stem cells induces changes in DNA packaging that lead to expression of the gene Hoxa9. This reactivates embryonic signalling pathways, restricting the cells' ability to repair injured muscle. See Letter p.428
